Introduction
The amount of copulatory stimulation necessary to initiate pregnancy not only varies widely between species but also within a species, depending on an individual's age and previous repro¬ ductive history (Dewsbury, 1978) . Specifically, copulatory stimuli necessary for pregnancy initi¬ ation have been shown to vary significantly depending on whether the female is in cyclic or post¬ partum oestrus (rat: Davis & Connor, 1980;  prairie vole, deer mouse and white-footed mouse: Dewsbury, Evans & Webster, 1979) . Age and/or parity may also affect the stimulus requirements for pregnancy initiation (Davis, Gray & Dewsbury, 1977;  Dewsbury, 1979) . In the golden hamster, virgin females required significantly less copulatory stimulation than did multiparous females to induce pregnancy and maximize litter size (Huck & Lisk, 1985b) . This recognition of the changing stimulus requirements for initiation of pregnancy over the life history of an individual may provide a functional explanation for the large number of ejaculatory series shown by males of many of these species (e.g. rat: Davis et al., 1977; Adler, 1978;  golden hamster: Huck & Lisk, 1985b) . Multiple eja¬ culations with the same female may not be wasted reproductive potential as some have maintained (e.g. Zucker & Wade, 1968) but an essential stimulus for transcervical sperm transport and/or induction of functional luteal activity (rats: Wilson, Adler & LeBoeuf, 1965; Chester & Zucker, 1970 ; Matthews & Adler, 1977; voles: Davis, Gray, Zerylnick & Dewsbury, 1974; Milligan, 1975;  Gray, Davis Oglesby, 1978; Peromyscus spp.: Dewsbury & Lanier, 1976) .
When maintained under a photoperiod of 14h light:10h dark (14L:10D), female golden hamsters are sexually receptive from the afternoon of pro-oestrus to about 12:00 h on the following day (oestrus) (Reuter, Ciaccio & Lisk, 1970; Ciaccio & Lisk, 1971) . In this species, ovulation is fixed in relation to the light-dark cycle (Alleva, Waleski, Alleva & Umberger, 1968) and occurs between 01:00 and 04:00 h on the day of oestrus. The female is therefore receptive for 9-11 h preceding ovulation and for another 8-10 h after ovulation. Although the reason for such an extended period of receptivity is unknown, it is of interest to determine the effectiveness of mating stimuli in the initiation of pregnancy and in litter size as a function of when in the receptive period (early, middle, late) that mating occurs. In our previous work (Huck & Lisk, 1985b) we showed that the stimulus requirements necessary to initiate pregnancy varied significantly between virgin and multiparous females, and so animals of both types were used in the following experiments.
Copulatory behaviour in the golden hamster consists of mounts, short intromissions (2-3 sec vaginal penetration) and ejaculations. These are organized into discrete series with each series terminating in an ejaculation (Bunnell, Boland & Dewsbury, 1977; Huck & Lisk, 1985a) . After 12-14 ejaculatory series, males show a modified copulatory pattern consisting of long intromissions lasting 10-30 sec during which the male shows intravaginal thrusting but no sperm transfer (Bunnell et al., 1977; Huck & Lisk, 1985b (Orsini, 1961) Experiment 2: pregnancy success as a function of time ofmating Huck & Lisk (1985b) Procedure. An additional 100 virgin and 100 multiparous females were assigned to one of 8 experimental groups (see Figs 4a and 4b) . About half the females were tested at 04:00 h of oestrus while the other half were tested at 06:00 h. Two levels of copulatory stimuli were used. Half of the females received 5 ejaculatory series from a stud male (using the same procedures described in the previous experiment) followed immediately by a second male which provided 12-27 long intromis¬ sions (5 Ej + LI group). (F= 1-05, NS) .
Discussion
The duration of the receptive period in unmated female hamsters was significantly longer for virgin than for multiparous females. Since there was an average age difference of 11 weeks between these groups, it is possible that the duration of receptivity in unmated females varies more as a function of age than of parity. The shortened receptive period of older multiparous females may be adaptive in view of their reduced pregnancy rates when mated late in the receptive period and the costs associated with infertile mating (see Adler, 1978) .
In a previous study from this laboratory (Reuter et al., 1970) , we showed that, for 3-month-old virgin hamsters maintained on the same 14L:10D photoperiod employed in the present study, ovulation occurred in all members of the group between 01:00 and 04:00 h on the morning of oestrus. It was further shown that mating stimulation did not affect the time of ovulation. The results of the present study, therefore, indicate that if mating occurs before ovulation (i.e. 16:00-24:00 h of pro-oestrus), 5 ejaculatory series were sufficient to produce a pregnancy rate of nearly 100% and maximum litter size. In contrast, during the ovulation period (01:00-04:00 h), high pregnancy rates were achieved only when mating was continued to satiety (Figs 2a and 3a) . In Exp. 3 we showed that the reduced fecundity of females mated during the ovulatory period (04:00 h) or shortly thereafter (06:00 h) was due to insufficient vaginocervical stimulation and not to a lack of spermatozoa. Late in the receptive period (i.e. after 10:00 h of oestrus) even mating to satiety failed to result in a pregnancy for any female, virgin or multiparous.
In the rat, sperm transport, initiation of the luteal phase and the number of implantation sites have all been shown to be dependent upon the amount of copulatory stimulation the female receives (e.g. Adler, 1969; Matthews & Adler, 1977; Davis et ai, 1977) . In the golden hamster, how¬ ever, the amount of copulatory stimulation received has been shown to affect only the induction of the luteal phase (Lanier et al., 1975; Huck & Lisk, 1985b) and not sperm transport or the number of implantation sites (Lanier et al., 1975; Lisk, 1985) . In the present study the small number of pseudopregnancies among females that did not deliver litters suggests that pregnancy failure was due to a failure of the neuroendocrine reflex rather than to problems associated with sperm trans¬ port. It appears, therefore, that in the golden hamster the amount of vaginocervical stimulation necessary to interrupt the oestrous cycle and initiate pregnancy increased over the period of receptivity.
While an increased amount of vaginocervical stimulation was highly effective in increasing the percentage of females delivering litters, it had no significant effect on litter size (Figs 2b and 3b) . In fact, mean litter size decreased significantly for females mated during or after ovulation. Since copulatory stimuli in the hamster have been shown to have no effect on the number of ova shed (Reuter et al., 1970) , one must look elsewhere for an explanation for this effect. One possibility relates to the capacitation process and the relatively short fertilizable life-span of golden hamster ova. In mammals, spermatozoa are unable to fertilize ova until they have undergone complex physiological changes (i.e. capacitation) in the female reproductive tract. This process requires about 3 h in the golden hamster (Yanagimachi & Chang, 1964; Yanagimachi, 1969) . With regard to their fertilizable life-span, 86% of golden hamster ova were fertilizable 3 h after ovulation, less than half remained fertilizable 6 h after ovulation, and only 9% were fertilizable at 9 h (Ward, 1946; Yanagimachi & Chang, 1964) . In the present study, the ova of females mated at 04:00 h would not be fertilized until 3-6 h after ovulation and those of females mated at 10:00 h would not be fertilized until 9-12 h after ovulation. The decline in mean litter size in matings during and after the ovulation period may therefore be due to the fragility of the ovulated ova.
Nearly all of the females mated after 09:00 h continued to display normal 4-day oestrous cycles. In view of the foregoing discussion of the short fertilizable life-span of hamster ova, this finding suggests that the decreased sensitivity of the neuroendocrine response to vaginocervical stimulation late in the receptive period could safeguard the female against the initiation of a pseudopregnancy (or small litter) at a time when few if any of her ova are fertilizable. Induction of a pseudopregnancy would be particularly disadvantageous to a short-lived rodent such as the hamster (Conaway, 1971) .
It is not clear why female golden hamsters continued to mate even when pregnancy is no longer possible (i.e. after 09:00 h). However, since mating to satiety with a single male early during the receptive period reduces the duration of behavioural oestrus from 18 h to 11 h in multiparous females (Huck & Lisk, 1985c) , it is possible that the above phenomenon is a laboratory artefact and rarely occurs under natural conditions where potential mates are, presumably, available earlier during the receptive period.
It is not known whether the changes in stimulus requirements for pregnancy initiation observed in the golden hamster occur in other species. In rats, Chester & Zucker (1970) found that when eja¬ culations occurred on the second intromission, all of 5 females mated late in the receptive period (i.e. after 22:00 h) became pregnant compared to only one of 6 animals mated before 22:00 h.
(There was no effect when ejaculations occurred on the first intromission, however.) They suggested that this effect was due either to enhanced sperm transport (resulting from increased cervical relax¬ ation) late in heat or to the decreased time interval between ejaculation and fertilization in the group mating later in the receptive period. However, since in their study all subjects were treated with 10 mg progesterone on the morning after mating (which induced pseudopregnancy in all animals), any effect of time of mating on initiation of the neuroendocrine reflex was indiscernible. Clearly, additional studies on the type reported in the present paper are required to determine the generality of the observed effects.
The observed changes in stimulation requirements for pregnancy initiation during the female's receptive period reported here have important implications for the interpretation of patterns of male copulatory behaviour. For example, several workers have commented on the seemingly 'excessive' levels of copulatory behaviour in male rodents (reviewed by Dewsbury, 1981) . In fact, Zucker & Wade (1968) suggested that the multiple ejaculations shown by rats and hamsters are wasted activity or an artefact of domestication or laboratory testing. However, previously it was shown that multiple ejaculations by male hamsters may provide protection against sperm displace¬ ment as a result of matings with subsequent males (Oglesby, Lanier & Dewsbury, 1981; Huck, Quinn & Lisk, 1985) . The results of the present study further suggest that levels of copulatory stimuli considered 'excessive' when delivered early during the female's receptive period may be essential for pregnancy initiation when mating occurs later.
There has also been considerable debate regarding the functional significance of the long intromission pattern of the male golden hamster (e.g. Bunnell et ai, 1977) . Huck & Lisk (1985a) showed that, when mated daily, male hamsters produced an average of 4 ejaculations per day for 11 consecutive days and nearly all these ejaculations were followed by 10 or more long intromissions. The results of the present study suggest that, had those matings occurred late in the female's recep¬ tive period, long intromissions would have significantly increased the percentage of females that subsequently delivered litters. This work was supported by Grant BNS-8300892 from the National Science Foundation.
